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Objective: The determinants of physical function are not well characterized among middle-
aged women. The primary aim of this cross-sectional study was to determine the strength 
of the associations between lean mass, muscular strength, muscle quality, and physical 
functional ability in a cohort of middle-aged women. The secondary aim was to determine 
the measure of muscle quality most highly associated with measures of physical function. 
Methods: Middle-aged women (N=111, age, 53.14 ±6.15 years) had body composition (via 
dual energy x-ray absorptiometry), physical activity (via accelerometer), and physical 
function (via Transfer Task (TRANSFER), 30-Second Chair Stand (30-CS), 6-Minute 
Walk Test (6MWT), 8-Foot-Up-And-Go (UP-GO)) assessed objectively. A lower body 
physical function composite score was also calculated. Lower body strength was measured 
using isokinetic dynamometry for isometric knee flexion and extension at 60 degrees, 
isokinetic flexion and extension at 60 degrees per second, and isokinetic flexion and 
extension at 180 degrees per second. Muscle quality was defined as muscular strength 
normalized for upper leg lean mass and calculated using: 1) isometric knee flexion and 
extension at 60 degrees (MQ-ISO), 2) isokinetic knee flexion and extension at 60 degrees 
per second (MQ-KN60), 3) isokinetic knee flexion and extension at 180 degrees per 
second(MQ-KN180). 
Results: The lower body physical function composite score was significantly associated 
with percent lean mass, MQ-ISO, MQ-KN60, and MQ-KN180. Partial correlations, 
controlled for age and average steps per day, found that MQ-KN60 was the variable most 
highly associated with the physical function composite score. Results from a hierarchical 
linear regression showed that 1) age, average steps per day, and MQ-KN60 are 
independently associated with physical function composite score, explaining 3%, 18.1% 
and 14.3% respectively, and 2) age, average steps per day, MQ-KN60 were significantly 
associated with , TRANSFER, 30-CS, and 6MWT. 
Conclusion: In middle-aged women, percent lean mass, muscular strength, and muscle 
quality were all significantly associated with physical functional ability. The association 
between MQ-KN60 and the physical function composite score was stronger than all other 
measured variables. This data provides insight into the most relevant measures to consider 
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In 2014, 83 million Americans were between the age of 45 and 64 years, and it is 
projected by 2060 the number of Americans who are middle-aged will increase to 100 
million (1). Recent studies report that middle-aged adults, specifically middle-aged 
women, self-report difficulties performing daily activities and have poor physical 
function (2–4), where up to 25% of women between the age of 42 and 52 years old (2). 
Physical function performance is an aspect of quality of life, defined as the ability to 
perform the basic actions that are essential for maintaining independence (5). Extensive 
research assessing physical function in older adults demonstrates that physical function 
performance is associated with physical activity level (6), lean mass, and muscular 
strength (5,7–10), however significantly less is known about physical function in middle-
aged adults. 
While lean mass and muscular strength are independently associated with 
physical function, examining a measure that accounts for both variables may be the most 
comprehensive approach to understanding the association between these variables and 
physical function outcomes. One way to examine the association between lean mass and 
muscular capacity is by calculating muscle quality. Muscle quality is defined as the ratio 
of muscular capacity to lean mass (11). Muscle quality assesses the association between 
muscular strength and lean mass, therefore it may be an optimal independent variable to 
examine when evaluating determinants of the changes in physical function, compared to 
lean mass and muscular strength alone (12). 
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Previous research in older adults has examined how lean mass, muscular strength, 
and muscle quality, change with age and how these variables are associated with physical 
function (13–15). Limited research has examined these associations in middle-aged 
adults, especially middle-aged women (4,16). This is significant because in previous 
studies, as many as 25% of women are reporting physical functional limitations during 
mid-life (2). Additionally, negative changes in body composition and muscular capacity 
often begin during middle-age (5,8,9,11,17) making it important to understand how the 
associations develop and which factors most affect physical function. Analyzing these 
factors during middle-age would allow for better understanding of the association 
between muscle mass, muscular strength, muscle quality and physical functional ability. 
Therefore, the primary aim of this study is to examine the strength of the 
associations between muscle mass, muscular strength, muscle quality and objective 
measures of physical function performance in a cohort of middle-aged females, when 
controlling for age and physical activity level. It is hypothesized that measures of muscle 
quality will be more strongly related to measures of physical function performance 
compared to measures of muscle mass and muscular strength. As muscle quality takes 
into consideration both the structural and functional ability of the muscle, it may have the 
strongest impact on physical function performance compared to muscular strength or lean 
mass alone. 
The secondary aim of the study is to compare muscle quality calculated using three 
different muscular strength measures, to determine which measure is most highly 
associated with objective measures of physical function, when controlling for age and 
physical activity level. Strength will be measured by isometric knee strength at 60 
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degrees (MQ-ISO), isokinetic knee strength measured at 60 degrees per second (MQ- 
KN60), and isokinetic knee strength at 180 degrees per second (MQ-KN180), all 
normalized for lean mass. It is hypothesized that the MQ-KN180 will be most highly 
related to physical function compared to other measures of muscle quality in middle-aged 
women. This is predicted because 180 degrees per second most resembles the speed at 
which daily activities occurs (20–23), thus it may be the most appropriate when 









The US Census Bureau estimated that in 2014, 83 million Americans were between 
the age of 45 and 64 years old (1). While middle-aged women make up a significant portion 
of the population, they are significantly under-represented in research, even with recent 
efforts to correct this imbalance (18). In general, the hormonal changes associated with 
menopause are often cited as the primary challenge for including middle-aged women in 
research (18). 
Most women go through menopause between 45 and 55 years of age and undergo 
significant hormonal changes including decreases in estrogen, IGF-1 and DHEA (19). 
These hormonal changes are associated with several negative health outcomes, including 
a decrease in muscle mass (19–21). Changes in muscular capacity, including muscular 
strength, endurance and power, have also been associated with age-related changes in sex 
hormones (19–22). Due to the current life expectancy, it is possible that a woman could 
spend 30 or more years with a decreased level in sex hormone compared to younger levels, 
resulting in a significant reduction in muscle mass and muscular capacity (20,21,23), which 
puts women at a high risk for disability and other health conditions. 
Menopause has been associated with declines in physical function performance 
(24,25). This is concerning because low levels of physical function are associated with an 
increased risk of developing chronic health conditions (3,24,26). Therefore, it would be 
prudent to assess physical function during this time period. Currently  there is a significant 
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gap in the literature regarding objective physical function performance in middle-aged 
women, as the majority of the work examining physical function in this age group relies 
on self-report measures (3,27,28). 
It is important to understand the factors that independently contribute to physical 
function in order to understand changes in physical functional ability across the lifespan. 
Factors related to muscular capacity such as muscular strength, muscle mass and muscle 
quality are important to consider when assessing physical function. Muscle quality, a 
unique measurement that considers both measures of muscle mass and muscular strength, 
may be more strongly related to physical function performance compared to the assessment 
of muscle mass or muscular strength alone (11). The associations between muscle mass, 
muscular strength, muscle quality and physical functional ability have been well 
established in older populations (11,29–32), but a significant gap in the literature exists 
when it comes to these associations in middle-aged women. Therefore, analyzing the 
factors associated with physical function during middle-age would allow for better 
understanding of the significance of these associations and may allow for early intervention 
before the onset of physical limitations. 
 
Physical Function 
Physical function is the ability to perform the basic actions essential for maintaining 
independence (5). Physical function has been previously associated with the ability to 
perform activities of daily living, chronic health conditions, and overall health status 
across the lifespan (3,24,33). 
Physical function can be assessed both subjectively and objectively. The most common 
subjective measure of physical function is the Medical Outcomes Survey Short Form 36 
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(SF-36) questionnaire (34). The portion of the SF-36 that assesses physical function 
includes 10-items which evaluate activities ranging from limitations during daily tasks such 
as carrying groceries or climbing stairs, to the ability to perform moderate and vigorous 
activities (35). The most common objective measures of physical function include the Short 
Physical Performance Battery Test (SPPB), the Timed Up-and-Go (TUG), Gait Speed, 5-
Chair Stand, and the 6-Minute Walk test (6MWT) (36). Each of these physical function 
assessments is associated with an aspect of health-related physical fitness. For example, 
the time it takes to complete 5 consecutive chair stands is highly associated with muscular 
strength, and both gait speed and 6MWT have been highly associated with 
cardiorespiratory fitness levels (36). Commonly used physical function assessments are 
described below: 
Short Physical Performance Battery (SPPB): The SPPB consists of three tasks: 4-Meter 
Gait Speed, Balance Assessment (which includes tandem and semi-tandem stance), and a 
5-Chair Stand.  This assessment is predicative of fall risk and disability in adults over the 
age of 70 years (36). The SPPB was specifically designed for older adults and is not 
appropriate for assessing physical functional ability in middle-aged adults. 
Timed-Up-and-Go (TUG): The TUG measures the amount of time it takes a participant 
to stand up from a chair without the use of their arms, walk 3 meters, and return to a seated 
position in the chair (36). The TUG is associated with muscle power and balance (37), and 
is also predictive of fall risk in older adults (36). 
6 Minute Walk Test (6MWT): The 6MWT measures the total distance a participant 
can walk on a premeasured course in 6 minutes. The 6MWT assesses both 
cardiorespiratory fitness and muscular endurance. An average distance traveled in healthy 
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middle to older-age adults (age range of 40 to 79) is 400 to 700 meters (38). In older adults, 
the distance tends to decline to  200 to 300 meters (36). 
30-Second Chair Stand (30-CS): The 30-CS assesses lower body muscular strength 
by determining the number of times a participant can stand up and sit down in a 30 second 
time period (39). 
Transfer Task (TRANSFER): The TRANSFER assesses strength, flexibility and 
function by measuring the amount of time it takes for the participant to transition from a 
standing position, to a seated position on the floor and back to a standing position (40). 
These physical function tests are commonly used in older adults and may not be 
appropriate for middle-aged adults. Middle-aged adults typically have higher physical 
functional status compared to older adults, therefore the intensity of some of these 
assessments may not be high enough to see the slight changes in physical functional ability 
experienced in middle-age. 
 
 
Physical Function and Health Status 
 
Poor physical functional ability is associated with the development of chronic health 
conditions (41) and increased risk of physical disability (41,42) later in life, however, most 
of this research has been conducted with older adults.  
One of the few studies that addressed physical function and health status in middle- 
age women was completed by Karvonen-Gutierrez et al. (2). This secondary analysis of 
the Study of Women Across the Nation (SWAN) data assessed the risk of disability in 326 
women between the age of 55 and 68 years. Self-reported disability was measured using 
the World Health Organization-Disability Assessment Schedule (WHO-DAS), an 
international standardized measure of disability designed to compare the prevalence and 
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determinants of disability across different populations. Twenty-five percent of the cohort 
reported moderate, severe, or extreme disability, which indicates that middle-age may be 
an appropriate time to assess factors affiliated with physical disability so that  effective 
interventions aimed at improving these outcomes in middle-age can be designed and 
implemented (2,24).  
Another study which examined the association between physical function and 
disability is a secondary analysis of a larger longitudinal study(28). Men and women (n = 
30,097) aged 45-82 years completed an adapted version of the Older Americans Resources 
and Services Multidimensional Assessment Questionnaire which measures disability and 
physical function and  completed the 4-Meter Walk test, TUG, Single Leg Stance, 5-Chair 
Rise test at baseline and at an 18 month follow-up. The prevalence of disability increased 
with age and was more prevalent in women compared to men. Additionally, having lower 
levels of physical functional was strongly associated with an increased risk of development 
of functional limitations and disabilities. Falling in the lowest quintile for any one of the 
five objective physical function assessments increased the odds of having functional 
limitations and disability by 1.53 times and falling in the lowest quintile for all five tests 
increased the odds of having a functional limitation or disability by 14.91 times. Because 
this study found that women reported higher levels of disability compared to males, and a 
significant association existed between physical functional and disability, it suggests that 
physical functional ability should be further studied in women.   
The association between physical functional ability and health status is well 
represented in the older adult literature (10,21), but significantly less is known about this 
association in middle-aged adults. However, studies that assess the association between 
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physical function and health status in middle-aged adults agree that lower physical 
functional ability is associated with an increased risk of disability (2,28). 
 
Aging and Physical Function 
 
Overall, previous research agrees that a significant association between age and 
physical functional ability exists. However, these studies primarily focus on physical 
function in older adults and use physical function assessments that have been validated for 
that population (27,29,43).  
A 5-year study by Bouchard et al (43) supports the association between age and 
physical function in older adults. In both sexes, age was the most important contributor to 
balance performance measured by the Romberg test. Woods et al. (29) supports the 
association between physical function and age; women with lower physical function 
(measured via TUG and 6-Meter Walking Speed) were significantly older than the women 
with higher levels of physical function. 
One of the few studies assessing physical function exclusively in middle-aged 
adults determined the association between physical functional ability (measured via 30-
CS, UP-GO, 6MWT) and age in women between 45 to 65 years (44). This study found an 
independent association between age, UP-GO, and the 30-CS, in which older age was 
independently associated with lower physical function performance. Even at mid-life, 
physical function is significantly associated with age and those who are older perform more 
poorly on objective measures of physical function. 
Another study which assesses middle-aged adults is using the U.S. National Health and 
Nutrition Examination Survey (NHANES) data, Bouchard et al. (27) explored the 
association between age and physical functional ability in adults over the age of 55 years. 
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There were differences in physical functional ability between age groups (55-64 years, 65-
74 years, and ≥75 years), with older groups performing poorer than younger groups. When 
assessing subjective data, the 65-74-year-old age group reported poorer physical function 
compared to the 55-64-year-old age group. 
 
 
Body Composition, Physical Activity, and Physical Function 
 
Previous research demonstrates an association between measures of body 
composition, physical activity and physical functional ability (6,43,45). 
Bouchard et al. (27) found that physical activity level was independently associated 
with walking speed in older men and women. Similarly, Savikangas et al. (6) determined 
that the time spent in either light or moderate to vigorous physical activity was positively 
associated with performance on the 6MWT, 10-Meter Walk, and SPPB. Since physical 
activity levels are associated with physical function, physical activity level should be 
considered a control variable when examining the determinants of physical function. 
Another variable associated with physical functional ability is body composition, 
specifically percent body fat. Savikangas et al. (6) examined body composition and 
physical functional ability in a cohort of 293 sedentary older adults between the age of 70 
and 85 years and found that percent body fat was negatively associated with 6MWT, 10-
Meter Walk, and SPPB performance. Sternfeld et al. (45) supports the association between 
body composition and physical function. In the cross-sectional analysis of 2,092 men and 
women 55 years and older (mean of 59.3 years), body fat mass was found to be significantly 
associated with lower walking speeds. These studies demonstrate the importance of 
measuring body composition when assessing physical function as higher levels of fat mass 
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has been associated with reduces physical functional ability. Fat mass is important to 
consider as it may explain some of the variance in the performance of the tasks because the 
individual is required to move around a larger mass during the physical functional 
assessments requiring a higher strength or power to perform the tasks. 
 
 
Muscle Mass and Physical Functional Ability 
Aging 
 
A significant body of research examining the changes that occur in muscle mass 
with age exists (7,8,10,31,46,47). Typically, muscle mass begins to decrease around the 
age of 20 for women and declines at a rate between 0.4 and 0.8 kg per decade (30,56); the 
rate of decline significantly increases to 1.1 kg per decade after the age of 60 (36). 
Kyle et al. (31) assessed body composition using dual energy x-ray absorptiometry 
in a cohort of 433 men and women between the age of 19 and 94 years divided into 4 age 
groups: 18-34, 35-49, 50-74, and 75 and older. Appendicular muscle mass was highest in 
the 35-49 age group for men and the 18-34 age group for women. Differences in skeletal 
muscle mass was calculated to compare individuals < 60 years and ≥ 60-years. It was found 
that skeletal muscle mass declined from peak muscle mass until the age of 60 in both men 
and women (men: 1.5 kg/decade, women: 0.8 kg/decade). This was followed by a steeper 
decline in both men and women ≥ 60 years of age (men: 1.7 kg/decade, women: 1.1 
kg/decade). This study demonstrated that the age-related decline in muscle mass differs 
between men and women and that muscle mass peaks earlier than mid-life in women.   
Results from a cross-sectional study performed by Janssen et al. (48) supports the 
association between age and skeletal muscle mass. They found that age was negatively 
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associated with total and upper body muscle mass. When examining difference between 
upper and lower body muscle mass between age groups (both sexes were divided into: 18-
44 years and ≥45 years old), both upper and lower body muscle mass were significantly 
associated with age (lower body: r =-.48, upper body: r =-.26) in women, but was only 
significantly associated with lower body muscle mass (r =-.48) in men. However, for both 
sexes, age was more highly associated with lower body muscle mass compared to upper 




The majority of the studies examining the association between muscle mass and 
physical function have been conducted with older adults (49–52). For example, Visser et 
al. (50) found a significant association between leg muscle mass and lower extremity 
physical performance in both men and women between the ages of 70 and 79 years. A 
study by Buford et al. (49) examined the association between body composition and 
physical function in a cohort of young (18-35 years) and older adults (>70 years). Physical 
function was assessed using the SPPB in the older adults, and muscle mass of the femoral 
and tibiofibular regions were assessed via magnetic resonance imaging (MRI). The amount 
of lower body muscle mass was negatively associated with age and functional status within 
the older adults. 
A cross-sectional study performed by Reid et al. (51) assessed the association 
between total leg lean mass and physical ability in a cohort of 57 older adults (mean age of 
74.2 years). Total lean leg mass was independently associated of mobility disability after 
correcting for confounding variables, such as chronic medical diagnoses, bone mineral 
density, body weight, total body fat, and habitual physical activity (p<0.05). 
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Another study which supports the association between muscle mass, mobility 
limitations, and disability was a secondary analysis assessing a cohort of 2,631 older adults 
from the Health ABC study (52). Lower muscle mass (those in the lowest quartile of muscle 
mass cross sectional area) at baseline increased the risk of developing mobility limitations 
within the 3 year follow up, as men with lower muscle mass were 2.25 times and women 
were 1.7 times more likely to develop mobility limitations at follow-up compared to 
individuals in the highest quartile of muscle mass. The results from this study indicate that 
low muscle mass significantly effects mobility over a relatively short period of time. 
The association between low muscle mass and poorer physical functional ability 
has been well established in older adults (49–52). However, literature assessing the 





Muscular Strength Across the Lifespan 
 
The age associated change in muscular strength (27), defined as the force producing 
capacity of muscle (11), has been assessed in depth in previous research (13,32,47,53–56). 
In a cross-sectional study performed by Charlier et al. (56) significant associations 
between age and measures of strength were observed in both sexes. In women, skeletal 
muscle strength was 28.7% lower in the 60-70-year-olds compared to 18-29-year-olds. 
After the age of 70, muscular strength was 52.2% lower compared to the 18-29-year-old 
group.  
A 3-year longitudinal study by Goodpaster et al. (15), also supports the association 
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between muscular strength and age. Baseline body weight and measures of total lean mass, 
leg regional lean mass, and thigh cross- sectional area were negatively correlated with the 
changes in muscular strength at follow-up.  
Work by Delmonico et al. (13) supports the association between muscular strength 
and physical function older adults. Significant declines in average torque of the knee 
extensors measured at 60 degrees per second were seen in both men and women over the 
5-year time period, where men lost an average of 24.5 N-m  (16.1% change) and women 
lost an average of 12.7 N-m (13.4% change). 
 
Muscular Strength and Physical Function 
 
A significant body of literature exists addressing the association between muscular 
strength and physical function in older adults. A meta-analysis summarized the literature 
that assessed the longitudinal changes of muscular strength and physical function in older 
adults (53). The studies included muscular strength of the upper and lower body and 
demonstrated a consensus establishing an association between low muscular strength and 
functional decline in older adults. This is an important analysis as it examined the research 
assessing the associations between upper body muscular strength, lower body muscular 
strength, and physical functional ability (11,54,57–59). This meta-analysis found poorer 
upper and lower body muscular strength to be significantly associated with overall physical 
functional performance, however some studies reported that upper body muscular strength 
was not significantly associated with gait speed. 
A secondary analysis of the Health ABC study by Cawthon et al. (47) supports the 
association between muscular strength and physical functional ability. The study found that 
knee strength was significantly correlated with walking speed and the timed 5-Chair Stand 
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in both men and women. 
Barbat-Artigas et al. (54) performed a cross-section analysis to determine the 
association between physical function and upper and lower body muscular strength in 
1,462 women aged 75 years and older. Lower body muscular strength was more highly 
associated with physical functional ability, compared to upper body muscular strength. The 
results of this study are significant as it supports the use of lower body physical function 
tasks when assessing physical functional performance. 
A cross-sectional study performed by Ferrucci et al. (32) supports the association 
between lower body muscular strength and physical functional performance in older adults. 
This study examined 985 women aged 65 years and older, who completed objective 
measures of physical function.  Muscular strength and physical function performance were 
significantly associated and women who were unable to walk, need an assistive device, or 
were unable to perform the balance test had significantly lower knee extension and hip 
flexion strength compared to those who were able to perform the tasks.  
Research performed by Miljkovic et al. (8) also supports the association between 
muscular strength and physical ability. Older adults who had low muscular strength 
increased their risk of mobility limitations by 2.6 times, slow gait speed by 4.3 times, and 
mortality by 2.1 times compared to older adults with higher muscular strength.  
The association between muscular strength and physical functional ability in 
middle-age is not well examined, but the association exists in older adults. Understanding 
the association between muscular strength and physical functional ability in middle-age 
would allow insight into a possible explanation why physical function declines in middle-
age. If an association is established, it could provide a possible intervention strategy to help 
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reduce the decline of physical function later in life.  
Muscle Strength and Physical Function in Middle-Aged Adults 
 
The small body of literature that assesses muscular strength and physical function 
in middle-age adults supports the association between muscular strength and physical 
function. Ward-Ritacco et al. (16) examined the association between muscular strength and 
physical function in a cohort of 64 women between the ages of 50 and 65 years old. 
Muscular strength was assessed at 60 degrees per second using isokinetic dynamometry. 
Physical function was assessed objectively through the use of UP-GO, 30-CS, and 6MWT. 
Muscular strength was found to be highly associated with all physical performance 
assessments.   
Muscular strength and physical function (measured by 12.3-meter walk, stair climb, 
and stair descent, and isometric knee extension) was assessed in a cohort of 880 middle-
aged women by Sowers et al. (4). Gait speed decreased with age, and a significant number 
of women has a gait speed below 1.0 m/s, which is problematic because the federal standard 
for crossing an intersection is 1.22 m/s. The 12.3-meter walk was significantly associated 
with quadriceps strength. While gait speed was not assessed in this study, it does 
demonstrate that some common measures of physical functional are sensitive enough to 
identify changes in physical functional ability in middle-age women. 
With the decline in muscular strength starting at an earlier age and declining at a 
faster rate at the end of mid-life for women, the assessment of muscular strength with 
physical function is important when assessing health risks and disability. Thus, 
understanding the best method for strength assessment and how muscular strength relates 




Defining Muscle Quality 
 
Muscle quality is a unique measurement that does not yet have a universal 
definition (60). In exercise science, muscle quality is often defined as a measure of 
muscular strength or power normalized for muscle mass (54,60). Muscle quality combines 
both measures of muscle capacity and muscle mass and may be more highly related to 
physical function ability compared to the measurement of muscle mass or muscular 
strength alone (11,60). 
In a symposium report from the 2016 International Conference on Frailty and 
Sarcopenia Research, Correa-de-Araujo et al. (60) commented on the need for a 
standardized measurement of muscle quality, and increased research to be conducted 
assessing the strength of the associations between muscle quality and physical function 
performance. Barbat-Artigas et al. (11) stated that muscle quality may better explain 
differences in physical function compared to muscle mass or muscle strength alone, 
because muscle mass and muscular strength are potentially interrelated and the 
combination of both would account for most changes in skeletal muscle properties. 




Age-Associated Decline in Muscle Quality 
 
A cross-sectional analysis of objectively measured muscle mass, muscular strength 
and muscle quality in 654 participants between the ages of 18 and 93 years found significant 
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age and gender associations with measures of muscle quality (p<0.001) (63). Muscle 
quality decreased with age, and women had significantly lower muscle quality compared 
to men. This demonstrates the age and sex differences in muscle quality, suggesting the 
importance of understanding muscle quality in both men and women across the lifespan. 
In a longitudinal study by Metter et al. (61), age-related declines in muscle mass, 
muscle strength and muscle quality (p<0.001) were evident. However, muscle quality 
stayed relatively constant after 30-39-years of age. This differs from previous work 
examining these variables across time, as one study found an age associated decline in 
muscle quality starting at age 20 (63), demonstrating disagreement among studies 
examining age-related changes in muscle quality. 
 
Muscle Quality and Physical Function 
 
Evidence supports the association of muscle quality and physical function across 
the lifespan. Previous literature assessing muscle quality and physical functional ability in 
older adults exist (5,10,54,61,62,64), yet there is significantly less information available 
addressing muscle quality and physical functional ability during middle-age (16).   
A literature review by Straight et al. (64) found that lower body muscle quality 
explained between 29% and 42% of the variance in physical function tests (Stair 
Ascent/Decent, Timed-Up-And-Go, and 7- Meter Walk) (65). This literature review 
supports the assessment of muscle quality as it explained a high percent of the variance in 
physical function score. 
Straight et al. (66) assessed body composition, muscular power, muscle quality and 
lower extremity physical function in 94 women aged 65 years and older. Muscle quality, 
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defined as muscular power (assessed via Nottingham Power Rig) normalized for lower 
body mineral free muscle mass, was independently associated with physical function 
performance and explained 17% of the variance in performance.  Additionally, a cross 
sectional study by Straight et al. (67) supports the association between of muscle quality 
and physical function. Muscle quality was defined in two ways: leg extension power 
normalized for mineral free lean mass of the lower body, and hand grip strength normalized 
for body size. Muscle quality defined as leg extension power normalized for mineral free 
lean mass of the lower body was more highly related to measures of physical function 
compared to the other definition of muscle quality, however, both muscle quality 
measurements were significant predictors of physical function outcomes. The research 
assessing the association between muscle quality and physical functional ability in older 
adults all conclude that measures of muscle quality explain a significant amount of the 
changes in physical function. Only a small amount of literature exists examining the 
association between muscle quality and physical functional ability in middle-aged women. 
Ward-Ritacco et al. (16) assessed body composition via dual energy x-ray 
absorptiometry, physical activity via accelerometer, muscular strength at the knee joint via 
isokinetic dynamometry at 60 degrees per second, and muscle quality in a cohort of 64 
post-menopausal women between the age of 45 and 65 years old. Muscle quality was a 
significant predictor of the 30-CS and the 6MWT, but not the 8-Foot-Up-And-Go. This 
study is one of the few studies assessing muscle quality and physical function in a cohort 
of middle-age women, and the significant findings demonstrate the importance of assessing 






Poor physical function ability is associated with an increased risk for the 
development of chronic diseases and disability (28,41,42). Physical function has been 
studied extensively in older adults, but significantly less research has been done examining 
physical function in middle-aged adults. In order to fully understand physical function and 
its determinants in middle-aged adults, muscle mass, muscular strength, and muscle quality 
should all be assessed, as all have been found to be independently associated with physical 
functional ability (13,49,66,68) and each have been separately associated with adverse 








Study Design: This is a secondary analysis from a larger cross-sectional study (WHII 
Research Project IRB #HU1516-206) designed to examine the impact of physical and 
psychological factors on quality of life in middle-aged women. Participants were 
recruited by word of mouth, fliers, and e-mail from the University of Rhode Island and 
surrounding community. 
Procedures: Interested participants completed an online survey to determine eligibility. 
To be eligible, participants had to be a woman between the ages of 40 and 64 years old. 
Additionally, all participants were required to speak and read English, be weight stable 
(~5 pounds for the past 3 months), have a body mass index (BMI) between 18.5 and 45.0 
kg/m2, be a non-smoker, not be pregnant, be living independently, be free of diseases or 
conditions that would prevent reasonably safe participation in the study, be willing to 
wear a physical activity monitor for 7-10 days, and be willing to have a Dual Energy X-
ray Absorptiometry scan. 
Once determined to be eligible, participants scheduled two laboratory-based visits 
separated by 7-10 days. During the first visit, informed consent, the Mini-Mental State 
Examination (MMSE) (80,81) and Physical Activity Readiness Questionnaire (82,83) 
were completed. During Visit 1 participants also completed all physical function 
assessments, a Dual Energy X-ray Absorptiometry exam, and were provided with an 
ActiGraph accelerometer (ActiGraph GT9XLink, Pensacola, FL) to wear and a physical 
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activity log to complete in between visits. During Visit 2, participants completed 
muscular strength assessments via a Biodex Isokinetic Dynamometer (Biodex System 4 
Pro, Biodex Medical Systems, Inc., Shirley, NY) and physical activity logs were collected 
and reviewed. 
Anthropometric Assessment: Body weight was assessed via digital scale (Tanita WB-100, 
Arlington Heights, IL), and height was assessed via stadiometer (Seca 213, Chino, CA). 
Menopausal Status: Menopause status was obtained by self-report, and then classified 
according to the SWAN criteria (24,25). 
Body Composition: Dual Energy X-ray Absorptiometry (GE Lunar iDXA, Waukesha, 
WI) was used to assess body composition (fat mass, percent body fat, and lean mass). 
Upper leg lean mass was also assessed and was defined as lean mass contained within the 
area between the neck of the femur and the medial and lateral condyles of the femur. 
Muscular Strength: Muscular strength was assessed using an isokinetic dynamometer 
(Biodex, system 4 Pro, Shirley, NY). Participants underwent bilateral testing for 
isometric knee flexion and extension at 60 degrees with 3 sets (holding for 5 seconds 
each). Bilateral isokinetic knee extension and flexion at 60 degrees per second and 180 
degrees per second were assessed with 2 sets of 4 repetitions. All muscular strength 
assessments were conducted in a randomized fashion. The trials that resulted in the 
greatest peak torque for the right and left limbs were summed to calculate total peak 
torque for the muscular strength assessment of interest. 
Assessment of Muscle Quality: Muscle quality was calculated as muscular strength 
normalized for upper leg lean mass. Measures of right and left upper leg lean mass were 
summed and muscle quality was calculated in three ways: 1) the ratio of upper leg lean 
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mass to isometric knee flexion and extension at 60 degrees (MQ-ISO), 2) the ratio of 
upper leg lean mass to isokinetic knee flexion and extension at 60 degrees per second 
(MQ-KN60), and 3) the ratio of upper leg lean mass to isokinetic knee flexion and 
extension at 180 degrees per second (MQ-KN180). 
Physical Activity: Physical activity was assessed by accelerometry (Actigraph GT9X 
LINK, Pensacola, FL) over a 7 to 10-day period. Participants were asked to wear the 
accelerometers on their non-dominant hip for at least 10 hours per day. To be included in 
the final analysis participants had to meet the 10-hour goal for at least 4 days. Step count 
was calculated using the mean step count on all days which the criteria of 10 hours of 
wear time was met. Minutes of moderate to vigorous physical activity was calculated as 
the mean time spent in moderate to vigorous physical activity on the days that 
participants met the 10-hour wear time goal. 
Physical Function: Physical function was assessed using five objectively measured tests 
including, the Transfer Task (TRANSFER), the 8-Foot-Up-And-Go (UP-GO), 30 Second 
Chair Stand (30-CS), Lift and Carry, and Six- Minute Walk Test (6MWT). TRANSFER 
required participants to transfer from a standing position to a seated position on the floor 
and then back to a standing position as quickly as possible. The amount of time it took 
the participant to perform this task was measured and recorded. The UP-GO test required 
participants to stand up from a chair without using their arms, walk as quickly as they 
could around a cone paced 8 feet in front of the chair and return to the chair. The amount 
of time that it took the participant to perform this task was measured and recorded. The 
30-CS required the participant, while keeping their arms crossed against their chest, to 
stand up and sit down as many times as possible in 30 seconds. The number of times the 
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participant stood was recorded. The 6MWT test required the participant to walk up and 
down the hallway on a pre-marked course (15.2 meters for one pass, 30.4 meters for one 
lap), turning around at the cones for a total of 6 minutes. The distance covered over the 6 
minutes was measured and recorded. 
Physical Function Composite Score: A composite score of lower body physical function 
assessment was calculated using the results from the TRANSFER, UP-GO the 30-CS, 
and 6MWT. To complete this calculation: 1) Z-scores were calculated for each physical 
function task, 2) Inverse z-scores were calculated for the UP-GO and the TRANSFER, as 
a lower score reflects better performance, 3) finally, the sum of z- scores for the 30-CS, 
6MWT, and inverse z-scores for the UP-GO, and TRANSFER were added together for 
the final physical function composite score. 
Statistical Analysis: All statistical analysis was performed with IBM SPSS Statistics 
software, version 26.0 (IBM Corporation, Armonk, NY). Means and SDs were calculated 
for all participant characteristics and data was confirmed for normal distribution. 
Outlying values were identified as greater or less than 3 SD from the mean. 
Pearson correlations were conducted to examine the associations between age, 
BMI, percent fat mass, percent lean mass, average moderate and vigorous physical 
activity per day, average steps per day, isokinetic peak torque at 180 degrees/second, 
isokinetic peak torque at 60 degrees/second, isometric peak torque at 60 degrees, MQ- 
ISO, MQ-KN180, MQ-KN60, TRANSFER, UP-GO, 30-CS, 6MWT, and the physical 
function composite score. 
Next, partial correlations, controlling for age and average steps per day, were 
conducted to assess the strength of the associations between muscle quality and measures 
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of physical function. Finally, linear regression was used to identify the independent 
contribution of muscle quality to physical function (composite score and individual 
assessments of physical function), while controlling for age and physical activity 
(steps/day). Regression analyses were conducted in the following order, with the addition 
of a new variable with each step: 1) age; 2) steps/day; 3) specific measure of muscle 








Participant characteristics (n=111) are presented in Table 1. The current sample 
was 53.14 (±6.15) years of age, 97.3% white and consisted of 20.7% premenopausal, 
23.4% perimenopausal, and 55.9% post-menopausal women. 
The physical function composite score was significantly associated with BMI (r=-
0.39,), percent body fat (r=-0.50), percent lean mass (r=0.50), average moderate to 
vigorous physical activity (r=0.38), average steps per day (r=0.39), KN-180 (r=0.33), KN-
60 (r=0.31), MQ-ISO (r=0.25), MQ-KN60 (r=0.45), MQ-KN180 (r=0.44) (all p ≤ 0.01). 
TRANSFER was significantly associated with age (r=0.25), BMI (r=0.29), percent body 
fat (r=0.45), percent lean mass (r=-0.45), average moderate to vigorous physical activity 
(r=-0.25), average steps per day (r=-0.24), KN-180 (r=-0.38), KN-60 (r=-0.34), ISO (r=-
0.24), MQ-ISO  (r=-0.27), MQ-KN60  (r=-0.40), and MQ-KN180 (r=-0.44) (all p ≤ 0.01). 
UP-GO was significantly associated with BMI (r=0.21), percent body fat (r=0.28), percent 
lean mass (r=-0.28), average moderate to vigorous physical activity (r=-0.23), average 
steps per day (r=-0.23), MQ- KN60 (r=-0.20))(all p ≤ 0.05). The 30-CS was significantly 
associated with BMI (r=-0.26), percent body fat (r=-0.34), percent lean mass (r=-0.34), 
average moderate to vigorous physical activity per day (r=0.30), average steps per day 
(r=0.31), KN-180 (r=0.21),   KN-60   (r=0.21),   MQ-ISO   (r=0.23),   MQ-KN60   (r=0.34), 
MQ-KN180 (r=0.33, p<0.001) (all ≤ 0.05). 6MWT was significantly associated with BMI 
(r=- 0.45), percent body fat (r=-0.47), percent lean mass (r=0.47), average moderate 
to vigorous physical activity (r=0.38), average steps per day (r=0.39), KN-180 (r=0.28), 
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KN-60 (r=0.26), MQ-ISO (r=0.27), MQ-KN60 (r=0.45), MQ-KN180 (r=0.45) (all p ≤ 
0.01). 
To determine which physical activity measurement to use when controlling for 
physical activity level, average daily minutes of moderate to vigorous activity and average 
steps per day were both examined. Average steps per day was slightly more strongly 
correlated with the physical function composite score (r=0.39, p<0.001) compared to 
average daily minutes of moderate to vigorous physical activity (r=0.38, p<0.001), and 
therefore used in further analyses. 
Partial correlations, controlled for age and average steps per day, are presented in 
Table 2. Both MQ-KN60 and MQ-KN180 were significantly associated with physical 
function composite score (p<0.001), however MQ-KN60 was more strongly associated 
with the physical function composite score (r=0.43) compared to MQ- KN180 (r=0.40). 
As both muscle quality measurements were significantly correlated with physical 
functional ability, a regression analysis for each measurement of muscle quality was 
performed to assess the independent associations with physical function measurements. 
Tables 3 and 4 provide the results for the hierarchical linear regression assessments 
for muscle quality and physical function. Table 3 shows that age, steps per day and MQ-
KN60 are independently associated with physical function composite score, TRANSFER, 
30-CS, and UP-GO. For the physical function composite score ( =19.143, p<0.001), 
age, steps/day and MQ-KN60 explained 3%, 18.1% and 14.3% of the variance, 
respectively. Age, steps/day and MQ-KN60 explained 6%, 8.1% and 11.7% of the variance 
in TRANSFER  = 12.29, p<0.001), 2.1%, 6.7% and 2.3% of the variance in UP-
GO ( =4.43, p=0.006), 1.7%, 11.4% and 7.9% of the variance for 30-CS (   =9.52, 
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p<0.001), and 0%, 15.8% and 15.9% of the variance in 6MWT ( =16.46, p<0.001). 
Table 4 presents the associations between age, steps per day and MQ-KN180 and 
physical function performance. Age, steps/day, and MQ-KN180 explained 3%, 18.1% and 
12.8% of the variance in the physical function composite score ( =17.932, p<0.001), 
respectively. Age, steps/day, and MQ-KN180 explained 6%, 8.1% and 13.6% of the 
variance in TRANSFER ( = 13.559, p<0.001), 2.1%, 6.7%, 0.7% of the variance for 
UP-GO ( =3.717, p=0.014), 1.7%, 11.4%, 6.8% of the variance for 30-CS (  =8.868, 











The current study assessed the associations between measures of muscle mass, 
muscular strength, muscle quality, and physical functional ability in middle-aged women. 
The major findings from this analysis were that: 1) muscle quality is more highly associated 
with physical function than measures of muscular strength alone; 2) MQ-KN60 is more 
highly related to a lower body physical function composite score compared to MQ-KN180 
and MQ-ISO60; and 3) MQ-KN60 explained additional variance in performance on the 
majority of physical function measures compared to MQ-KN180. 
The current study supports the association between lower body muscular strength 
(both isometric and isokinetic measurements of knee flexors and extensors) and physical 
functional ability. When examining measures of isokinetic strength and their associations 
with functional performance, our findings suggest that isokinetic strength of the knee 
extensors and flexors at 60 degrees per second is more highly related to physical function 
tasks that require muscular endurance, strength and flexibility, while isokinetic strength of 
the knee extensors and flexors at 180 degrees per second are more highly associated with 
activities related to power and balance.  This finding supports previous research in which 
Ward-Ritacco et al. (16) found isokinetic muscular strength at 60 degrees per second was 
significantly associated with UP-GO, 30-CS, and 6MWT in a cohort of middle-aged 
women. The results from the current study could be explained by the force-velocity curve, 
where lower angular velocity allow higher levels of force to be produced.  Previous 
research has suggested that the harder the task is, the more force is required to perform that 
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task, thus the angular velocity of that motion occurs at a slower rate (11,63,70). This is 
important because if slower angular velocities require higher percentage of maximal 
voluntary contractions, then assessing at slower angular velocity would allow ability to see 
the decline in the ability to perform tasks that require higher percentage of maximal 
voluntary contraction.  
In the current study, isometric knee strength was also significantly associated with 
measures of physical function. This is in agreement with Sowers et al. (4) who found that 
isometric knee strength was associated with gait time and the time it takes to ascend and 
descend stairs. Additionally, Landers et al. (59), found that measurements of isometric 
strength of the lower body were significantly associated with standing from a chair. While 
these function measures differ from those in the present study, it is important to note that 
isometric strength is indicative of functional ability. However, in our study the strength of 
the association between isometric strength and physical function was lower that between 
isokinetic strength and physical function. Further, during activities of daily living, 
individuals are less likely to perform isometric contractions, but typically move through a 
range of motion, suggesting that isokinetic strength measures may be more appropriate. 
Additionally, the current study found that MQ-KN60 is most highly related to a 
lower body physical function composite score, as well as individual physical function tasks 
including TRANSFER, 30-CS, and 6MWT, compared to other measures of muscle quality. 
Similar to the present findings, Ward-Ritacco et al. (16), found that MQ-KN60 was 
significantly associated with 30-CSand 6MWT performance, indicating that higher MQ is 
associated with better functional ability. Ward-Ritacco et al. (16) also found that MQ-
KN60 was significantly associated with UP-GO performance, while the present study did 
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not. In the study by Ward-Ritacco et al. (16) all study participants were postmenopausal, 
indicating that this assessment may not be appropriate for pre and peri menopausal samples 
of middle-aged women. Additionally, Ward-Ritacco et al. (16) only assessed MQ-KN60, 
therefore present study provides a more comprehensive assessment of the associations 
between muscle quality calculated with isometric strength and isokinetic strength at 
varying speeds. The present study found that MQ-KN180 was more highly associated with 
UP-GO when compared to MQ-KN60. UP-GO assesses both muscular power and balance 
(36). A key component of the development of muscular power is the activation time of the 
contraction (11,71). Using the force-velocity relationship, peak power occurs at a higher 
percentage of maximum velocity (11,70), demonstrating that measurements using higher 
velocity would be more highly associated with measures of muscular power than muscular 
strength.  Because the measurement of muscular strength at 180 degrees per second 
required a shorter duration of muscle activation, it makes sense that this measurement 
would be more highly related to muscular power compared to measurement of muscle 
strength at 60 degrees per second.   
The results from this study also suggest that when resistance training, designing a 
program for both increase muscular strength as well as endurance is important as both 
measures of muscular strength were associated with physical functions tasks that assess 
these components. Additionally, multi-joint exercises should be focused on as most 
activities of daily living requires this.   
The present study supports support the use of the MQ-KN60 and MQ- KN180 when 
examining determinants of physical functional ability that address muscular endurance, 
strength and power. The reason why MQ-KN60 is thought to be more highly related to 
33  
tasks that assess endurance and strength is because the measurement of isokinetic muscular 
strength at 60 degrees per second has a longer duration to produce the max contraction 
causing it to be more strongly associated with endurance and measures of muscular strength 
instead of tests that assess muscular power. These results also provide insight into 
intervention design, as resistance training programs should be designed to improve 
isokinetic strength at 60 degrees per second and at 180 degrees per second, while also 
focusing on improving lean mass. Improving muscle quality in these domains should 
improve functional performance across the spectrum. 
One of the strengths of the current investigation is the use of objective measures 
when assessing physical activity (15,27,72). While both subjective and objective methods 
have been validated, participants tend to overestimate their levels of physical activity when 
using self-report methods (73). The measurement of physical activity in this current study 
is also a strength because physical activity level has been reported to affect physical 
function performance (6,16). As all analysis of the association between muscular strength, 
muscle quality and physical functional ability were controlled for physical activity levels, 
the results found in this study are representative of a more accurate measurement of the 
association between muscular strength, muscle quality and physical function in middle-
aged women. An additional strength related to measuring physical activity is the inclusion 
of both steps per day and the amount of moderate to vigorous physical activity achieved 
by participants. Our results indicate that average steps per day are just slightly more highly 
related to a lower body physical function composite score. This supports the use of simple 
step counters if more expensive technology such as, accelerometry is unavailable or not 
feasible, when designing interventions or crafting behavior change messaging to help 
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individuals improve their physical functional ability. 
No study is ever without limitations. The current study’s population is not diverse, 
where a majority of the study population were Caucasian, and were relatively active with 
a mean average steps per day of 8,176.55.  Compared to current large studies of physical 
activity in adults, it is suggested that the average adults walks on average 6,927 steps per 
day (74). Therefore, the results of this study can only truly be applied to the current 
population and not generalized for all middle-aged women. The current study also did not 
include a measurement of muscular power, which has been shown to have a higher age 
related rate of decline compared to muscle mass and muscular strength (9,11), and has 
previously been more highly related to physical functional ability compared to muscular 
strength (11,17,55). Therefore, it is important to consider this in future studies examining 
the determinants of physical function in middle-aged women. Thirdly, while DXA scans 
are a highly validated tool for measuring body composition, DXA technology does not 
measure intramuscular fat mass, which may be a contributing factor to decreased physical 
functional ability (52,53). Thus, studies also assessing body composition using either 
computed tomography or MRI, when feasible and warranted, may be beneficial 
(11,75,76). The last limitation of this study is that physical functional ability was not 
examined by menopausal status groups. Previous research has assessed the association 
between menopausal status and physical functional ability (25,33,77), and have found 
some differences based on menopausal group. Therefore, examining the data in this 
manner would add to the existing body of literature. 
To conclude, in relatively healthy middle-aged women, MQ-KN60 is most-highly 
associated with physical functional ability compared to other measures of muscle quality 
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and muscular strength, even when controlling for age and physical activity level. This 
data provides insight into the most appropriate measures to consider when examining the 
independent contributors to physical functional ability in middle-aged women. Future 
research can build on these results by measuring isokinetic muscular strength and 
calculating muscle quality using isokinetic measurements.  Based on these results, 
exercise interventions focusing on improving muscle quality could be implemented in 
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10.0 – 38.0 20.91 ± 5.67 20.38 ± 5.70 19.74 ± 5.11 












8 foot Up and 
Go (sec) 
5.21 ±  
0.89 
2.38 – 7.37 
5.00 ±  
1.11 
5.16 ±  
0.79 
5.34 ±  
0.84 


















0.54 ±  
3.07 
0.29 ±  
2.89 
-0.33 ±  
3.04 
Note. Data is presented as mean ± SD unless stated otherwise, MVPA = moderate to 




Table 2. Partial Correlations, Controlled for Age and Average Steps Per Day, 
Examining Associations Between Muscular Strength, Muscle Quality, And 
Physical Function 






TRANS UP- GO 30- 
CS 
6MWT PFCS 
KN180 1.00 .84** .70** .46** .74** .74** -.29* -.03 .11 .29* .25* 
KN60  1.00 .80** .53** .53** .53** -.25* -.08 .11 .28* .25* 
ISO   1.00 .78** .60** .45** -.15 .07 .06 .13 .09 
MQ-ISO    1.00 .79** .69** -.25* .02 .19* .24* .23* 
MQ-KN     1.00 .82** -.37** -.15 .28* .42** .43** 
MQ- 
KN180 
     1.00 -.40** -.08 .27* .42** .40** 








30-CS         1.00 .36** .77** 
6MWT          1.00 .74** 
PFCS           1.00 
 
 
Note. * p<0.05, **p<0.001, KN180 = Isokinetic 180 degrees/second, KN60= Isokinetic 
60 degrees/second, ISO= Isometric 60 degrees, MQ-ISO = Muscle quality isometric 60 
degrees, MQ-KN60= Muscle quality 60 degrees/second, MQ-KN180= Muscle quality at 
180 degrees/second, TRANS = Transfer Task, UP-GO= 8-Foot-Up-And-Go, 30-CS= 30-
Second Chair Stand, 6MWT= 6-Minute Walk Test, PFCS= Physical Function Composite 
Score 
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Table 3. Regression Analysis Summary for Variables Associated with Physical 
 
 
Note. Age (years); Steps (PA; Steps/day per 1000 steps); B = Unstandardized regression 




Variables B SEB p β 95% CI 
(a) Physical Function Composite Score (R2 = .350, p < .001) 
Age -.09 .04 .02 -.18 [-.16, -.01] 
Steps/Day .34 .07 <.001 .38 [.19, .48] 
MQ-KN60 .20 .04 <.001 .38 [.12, .28] 
(b) Transfer Task (R2 = .258, p < .001) 
Age .05 .02 .005 .24 [.01,.08] 
Steps/Day -.08 .03 .005 -.24 [-.14, -.03] 
MQ-KN60 -.07 .02 <0.001 -.35 [-.10, -.04] 
(c) 30 second Chair Stand (R2 = .211, p = .001) 
Age -.13 .08 .10 -.15 [-.28, .03] 
Steps/Day .49 .14 .001 .30 [.21, .77] 
MQ-KN60 .27 .09 .001 .29 [.11, .43] 
(d) 6-minute Walk (R2 = .318, p < .001) 
Age -.05 .91 .96 -.004 [-1.84, 1.75] 
Steps/Day 7.09 1.67 <.001 .35 [3.79, 10.39] 
MQ-KN60 4.81 .97 <.001 .41 [2.90, 6.73] 
(e) 8-foot Up and Go (R2 = .110, p = .099) 
Age .02 .01 .08 .17 [-.003, .05] 
Steps/Day -.06 .03 .01 -.24 [-.11, -.02] 
MQ-KN60 -.02 .01 .01 -.16 [-.05, .01] 
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Table 4. Regression Analysis Summary for Variables Associated with Physical 
Function Performance 
Variables B SEB p β 95% CI 
(a) Physical Function Composite Score (R2=.339, p<0.001) 
Age -.08 .04 .02 -.19 [-.17, -.01] 
Steps/Day .33 .07 <.001 .37 [.19, .48] 
MQ-KN180 .26 .06 <.001 .37 [.15, .38] 
(b) Transfer Task (R2 = .277, p < .001) 
Age .04 .02 .01 .24 [.01, .07] 
Steps/Day -.08 .03 .01 -.23 [-.13, -.02] 
MQ-KN180 -.10 .02 <.001 -.38 [-.15, -.06] 
(c) 30 second Chair Stand (R2 = .199, p = .003) 
Age -.13 .08 .10 -.15 [-.28, .03] 
Steps/Day .48 .14 .001 .30 [.20, .76] 
MQ-KN180 .34 .11 .003 .27 [.12, .56] 
(d) 6-minute Walk (R2 = .315, p < .001) 
Age -.06 .91 .949 -.005 [-1.86, 1.74] 
Steps/Day 6.83 1.68 <.001 .34 [3.51, 10.15] 
MQ-KN180 6.52 1.33 <.001 .40 [3.89, 9.15] 
(e) 8-foot Up and Go (R2 = .094, p = .365) 
Age .03 .01 .07 .17 [-.002, .05] 
Steps/Day -.07 .03 .01 -.25 [-.12, -.02] 
MQ-KN180 -.02 .02 .37 -.09 [-.06, .02] 
 
Note. Age (years of age); Steps (PA; Steps/day per 1000 steps); B = Unstandardized 
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Appendix A: Participant Screening Questionnaire 
WHII Screening Questionnaire 
 
Start of Block: Default Question Block 
 
Q1 Thank you for your interest in our research study. 
 
The purpose of this research study is to assess markers of physical and mental health 
and 
quality of life among middle-aged women. We are asking eligible participants to come 
to the 
Department of Kinesiology at the University of Rhode Island for two measurement 
visits that 
will be completed 7-10 days apart. If you participate in the study, we will measure 
your body 
composition, ask you questions about yourself, such as questions about your body 
perceptions, personality, and well-being, assess your physical function, muscular 
strength, and 
assess your levels of physical activity and levels of stress. We will also ask you to 
wear a 
physical activity monitor clipped to your waist during all waking hours for 7 days, 
provide us 











Skip To: Q2 If Thank you for your interest in our research study. The purpose of this 
research study is to asses... = Yes 
Skip To: End of Survey If Thank you for your interest in our research study. The 
purpose of this research study is to asses... = No 
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Q2 Before enrolling you in our study, we need to ask you some questions to determine 
if you are eligible. Please answer the following questions about yourself and your health 
history. This should only take about 15 minutes of your time. Some of these questions 
pertain to sensitive topics and therefore there is a possibility that some of these questions 
may make you uncomfortable. If so,  you  can  skip  any  questions you do not
 choose to answer. 
 
All information that you share in this screening process, including your name and any 
other information that can possibly identify you, will be strictly confidential and will be 
kept under lock and key. If after completion of this screening process it is determined 
that you are not eligible for the study then, if you grant us permission, we will keep your 
screening information in a password protected computer file in the event our eligibility 
criteria change and you then become eligible for participation in the
 current study. 
 
 
If you do not want us to keep your information on file, we will record the reason for 
your ineligibility, without any of your identifying information and then destroy your 
screening information. If you are eligible for the study and you decide to participate, 
your information will be coded with an identifying number and we will contact you to 
schedule your first visit. Remember, your participation is voluntary; you can refuse to 
answer any questions or stop the screening process at any time without penalty or loss 
of benefits to which you are otherwise entitled. 
 
 





Skip To: Q4 If Before enrolling you in our study, we need to ask you some questions to 
determine if you are elig... = Yes 
Skip To: End of Survey If Before enrolling you in our study, we need to ask you   some 
questions      to      determine      if      you      are       elig...       =       NoQ4    This study 
includes the administration of bone and body composition scan, using Dual Energy 
 
 























mass and bone density. The three scans that we are administering together amount to 
approximately 1/6 of the amount of radiation used during one traditional x-ray. 
 
 
Are you willing to undergo a DXA scan? 
Skip To: Q5 If This study includes the administration of bone and body composition 
scan, using Dual Energy X-ray... = Yes 
Skip To: End of Survey If This study includes the administration of bone and body 
composition scan, using Dual Energy X-ray... = No 
Skip To: Q6 If Are you between the ages of 40 and 64 years? = Yes 
Skip To: End of Survey If Are you between the ages of 40 and 64 years? = No 
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Q7 Do you understand spoken and written English? 
oYes 
oNo 
Q8 What is your current height in feet and inches? 
 




▼ 30 ... 80 
Feet 
Inches 
▼ 0 ... 11 
▼ 0 ... 11 
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Are you able to transport yourself or obtain transportation to the URI Kingston 

















Have you recently experienced a cardiovascular disease event (e.g. recent myocardial 
















Do you have a history of severe orthopedic/musculoskeletal or neuromuscular 
 
 


























Display This Question: 
If Do you have a history of severe orthopedic/musculoskeletal or neuromuscular 
impairments that woul... = Yes 
Display This Question: 









Q22 Have you been diagnosed with HIV? 
oYes 
oNo 
Q23 Do you have a history of dizziness or balance disorders? 
oYes 
oNo 







Q25 If yes, can you tell us more about your diagnosis and treatment plan: 
 
 
Q26 Do you use an assistive device to help you walk (e.g. canes, crutches, walkers, 
braces)?Y 
Yes 
Display This Question: 
If Have you been diagnosed with Type 1 or Type 2 Diabetes mellitus? = Yes 
Display This Question: 
If Have you ever been diagnosed with mental illness, clinical depression or 
dementia? = Yes 
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oNo 
Q27 Have you ever been diagnosed with any of the following? 
Yes No 
 
High blood pressure 
(hypertension)? 
 
High blood cholesterol? o o 
 
Cardiovascular disease (such 
as heart disease; heart attack,
 myocardial 
infarction), congestive heart 
failure (CHF), heart rhythm 
disorders (arrhythmias), 
heart murmur, chest pain 
(angina)? 
Cerebrovascular disease 
(such as a stroke, transient 
ischemic attack (TIA))? 
 




Pulmonary Disease (such as 
emphysema,  chronic 
bronchitis)? 
 
Asthma? o o 
 
Arthritis (such as osteo- 




disease (such as an ulcer, 
hiatal  hernia, 










Chronic liver disease (such 
as chronic or persistent 
hepatitis, cirrhosis)? 
 
Cancer? o o 
 
a) If yes, please specify 
type: 
 
b) If yes, please specify date 
of diagnosis: 
 
Anorexia nervosa  (not 
eating and losing extreme 
amounts of weight)? 
Bulimia (eating, sometimes 
large amounts of food and 
then vomiting)? 
 
Degenerative disc disease? o o 
Depression? o o 
Anxiety? o o 
 




Hearing impairment? o o 
 











Fibromyalgia? o o 
Chronic fatigue syndrome? o o 
Anemia? o o 
Hashimoto’s disease? o o 
Epilepsy? o o 
Lupus (SLE)? o o 
Endometriosis? o o 
 
Moderate   to severe back 
pain? 
 
Frequent and/or severe 
headaches? 
 
Environmental allergies? o o 
 
Do you have a history of 
having broken bones? 
 
Have you had any surgeries 
as an adult? 
 
a) If yes, please provide 
information about the nature 



































you take the medication to treat, and the frequency with which you take this 
medication. 
Display This Question: 
If Do you have any other health issues you would like to disclose? = Yes 
Display This Question: 
If Do you take any medications or supplements? = Yes 
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Q53 
Which of the following racial or ethnic groups best describes you? (Please select all 
 
 
categories that apply.) 
 
             Asian/Pacific
  Black 
             Hispanic 
             Indian/Alaskan
  White 
             Other: Please describe 
 
Q54 How many alcoholic beverages do you drink (includes wine, beer and hard 
liquor)? 
oNone 
oLess than once a week 
o1-3 drinks per week 
o4-6 drinks per week 
o1 drink daily 
o2 drinks daily 
o3 drinks daily 
oMore than 3 drinks daily 
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Q55 How many caffeinated beverages do you drink (includes coffee, soda, energy 
drinks)? 
oNone 
oLess than once a week 
o1-3 drinks per week 
o4-6 drinks per week 
o1 drink daily 
o2 drinks daily 
o3 drinks daily 
oMore than 3 drinks daily 
Q56 On average, how many meals do you consume each day? 
 
 





oOther:   _   
▼ 0 ... 12 
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Q62 Please describe your current employment. 
 
 
▼ 0 ... 9 
▼ 0 ... 9 
▼ 0 ... 9 
▼ 0 ... 9 
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Q63 Would you describe your current employment as: 
oFull time – working at least 35 hours/week 
oPart time – working less than 35 hours/week 
oLaid-off or unemployed, but looking for work 
oLaid-off or unemployed, but not looking for work 
oRetired, not working at all 
oRetired, working part-time 
oDisabled 
oFull time homemaker 
oOther, please specify: 
 
 






Q65 Please tell us about your highest level of education: 
oLess than a high school diploma 
oHigh school diploma or equivalent 
oSome College 
oGraduated from college 
oGraduate or professional degree 
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Q67 Have you ever been divorced or had a live-in relationship end? 
oYes 
oNo 
Q68 Have you ever been widowed or had a live-in partner die? 
oYes 
oNo 
Q69 Do you now live with a partner or spouse? 
oYes 
oNo  
Q70 If you currently live with a partner or spouse, what is your partner's highest level of 
 
education (last grade completed or degree(s) received): 
oLess than a high school diploma 
oHigh school diploma or equivalent 
oSome college 
oGraduated from college 
oGraduate or professional degree 













Q72 Other than yourself, how many people live in your household? 
 
 
Q73 Do you have children (biological, adopted or extended family)? 
oYes 
oNo 
Q74 If yes, how many? 
 
 
                                                       
 
 





What are the current major stressors or life changes in your life? 
▼ 0 ... 10 
▼ 1 ... N/A 











Any major changes in family health during the past year? 
If yes, please explain: 
 









Q31 How would you describe your current menstrual status? 
oPremenopause (before menopause; having regular periods) 
oPerimenopause/menopause  transition  (changes  in  periods,  but  have  not  gone 
12 months in a row without a period) 
oPostmenopause (after menopause) 
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Q32 If you are post menopausal, was your menopause: 
oSpontaneous (natural) 
oSurgical (removal of both ovaries) 
oDue to chemotherapy or radiation therapy 
oOther, please explain: 
oNot applicable 
Q33 













Q35 On average, how many days does your period last? 
 
 
▼ 20 ... 65 
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Q40 Where do you get your information about menopause (mark all that apply) 
           Books 
             Internet 
             Magazines
   Friends 
    TV 
             Health care providers 




Q41 How do you view menopause? 
oPositively.  For  example,  menopause  means  no  more  periods  and  no  more 
worry about contraception. 
oNeutral. 
oNegatively.  For  example,  menopause  means  a  loss  of  fertility  and  loss  of 
youth. 
oOther:   _   
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Q42 









Q43 What are your current views regarding hormone therapy for menopause? 
oPositive. Hormone therapy is appropriate for some women. 
oNeutral. 
oNegative. I don’t support the use of hormone therapy. 
 
Q44 
What concerns you most about hormone replacement therapy? Please provide any of 
your thoughts in the space provided. 
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Q45 Please mark the appropriate box with to record your response to the following: 















for a general 
physical exam? 
See a health 
care 
professional 
for a women’s 
health exam? 
See  a dental 
professional 
for a dental 
exam/cleaning? 
See a health 
care 
professional 
for  an  eye 
exam? 







o o o 
o o o 
o o o 
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Q46 Please mark the appropriate box to record your response to the following: How 















How often do 
you have a pap 
smear? 
How often do 
you have 
breast exams 
by a doctor or 
nurse? 
How often do 
you have 
mammograms? 
How often do 
you breast self- 
examine? 
 




oOther   _   
 
Q51 Please enter the following contact information: 
 
             Full Name    
 
 
month months year years every 
years 
2  
o o o o o 
 
o 
o o o o o 
 
o 
       
o o o o o 
 
o 




Q86 Please provide us with a phone number to reach you (including area 
code) 






Q87 Please provide us with an email address (if you have one) 
oEmail Address _ ___________________ 
 
 
Q88 Please provide us with a mailing address, including Street, 
City/Town, Zip Code 
oAddress  ____________________________ 
 
 
Q52 Thank you very much for your time. Based on the 
information you provided us in this questionnaire, we will 
determine your eligibility to participate in the study. We will 
be contacting you in the near future to schedule your first visit 
to the research lab at the University of Rhode Island. If you 
have any questions about this research project, please feel free 
to contact our Principal Investigator, Dr. Sabik by email at 
sabik@uri.edu or by phone at (401) 874-5439. You can 
contact Dr. Ward-Ritacco by email christieward@uri.edu or 
by phone at (401) 874-5638. 
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